We used optical lithography, electroless deposition and deep reactive ion etching techniques to realize arrays of super-hydrophobic gold nanoparticles arranged in a hierarchical structure. At the micro-scale, silicon-micro pillars in the chip permit to manipulate and concentrate biological solutions, at the nano-scale, gold nanoparticles enable metal enhanced fluorescence (MEF) effects, whereby fluorescence signal of fluorophores in close proximity to a rough metal surface is amplified by orders of magnitude. Here, we demonstrated the device in the analysis of fluorescein derived gold-binding peptides (GBP-FITC). While super-hydrophobic schemes and MEF effects have been heretofore used in isolation, their integration in a platform may advance the current state of fluorescence-based sensing technology in medical diagnostics and biotechnology. This scheme may be employed in protein microarrays where the increased sensitivity of the device may enable the early detection of cancer biomarkers or other proteins of biomedical interest.
A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT
new materials design and will potentially revolutionize current practice in biology and medicine.
Metal enhanced fluorescence (MEF) is a physical effect that occurs when fluorophores are located in close proximity to a rough metal surface [2] [3] [4] [5] . In MEF, silver or gold nanoparticles with a regular rather than periodic motif interact with an electromagnetic field to yield site specific increments of that field. This in turn allows to obtain the fluorescence signature of biological molecules with unprecedented sensitivity and thus to diagnose a disease at the very early stages of its progression. Compared to conventional fluorescence, MEF benefits of increased spontaneous emission rate, quantum yield and photo-stability, decreased fluorescent lifetime of fluorophores, directional emission [3] . In MEF, fluorescence amplification depends on three separate mechanisms, that are, (i) energy transfer from the fluorophore to the metal; (ii) enhancement of the local electromagnetic field; (iii) modification of the radiative decay rate of the fluorophore through the local modification of the photon density of states [3] . Mechanisms from (i) to (iii) are driven by the geometry of the metal/fluorophore interface. Designing and fabricating such interface at the submicron or nanoscale dimension, and controlling its nanotopography, may lead to MEF devices with enhanced sensitivity, reliability, signal to noise ratio.
Here, we used optical lithography, Reactive Ion Etching and electroless deposition [6, 7] techniques to obtain super-hydrophobic silicon micro-pillars (Figure 1a) , where the surface of the pillars is decorated with gold nanoparticle clusters (Figure 1b-c) . The device incorporates multiple functionalities that arise because of the multiscale/hierarchical structure of the material.
At the micro-meter dimension, silicon micro-pillars manipulate and concentrate diluted solutions as precedently described in [8, 9] , at the nano-meter dimension, gold nano-grains modify locally the electromagnetic field (Figure 2 ) to generate enhanced MEF signals. To demonstrate the device, we selectively adsorbed a fluorescein derived GBP-FITC peptide onto the gold nanoparticles; then we verified peptide/metal binding and resulting enhancement of fluorescence through fluorescence microscopy and fluorescence lifetime microscopy ( Figure 3 ). This technology may be employed in protein microarrays where the increased sensitivity of the device may enable the detection of cancer biomarkers or other proteins of biomedical interest in heretofore unattainable detection ranges. GA, Garching, Germany) were used to generate patterns of holes in the resist, with an average diameter = 10 and pattern to pattern distance = 20 . The diameter to gap 1: 2 ratio guaranties the best compromise between non-wettability and long evaporation times of a solution in a non-wetting/Cassie state [10] . Gold nanoparticles were deposited in the holes using electroless deposition techniques as described in references [6, 7] and recapitulated below. The driving force in this process is the difference between the redox potentials of the two halfreactions, gold reduction and silicon oxidation, which depends on solution temperature, concentration and pH, explaining the reason because these parameters influence the particles size and density. For this configuration, we have the following reactions, at the anode (that is, silicon oxidation):
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And at the cathode (that is, gold reduction)
Where the standard potentials apply 01 = −0.9 , 02 = 1.52 .
2.3 SEM Characterization SEM images of the the pillars and the gold nanoparticles clusters were captured using a Dual Beam (SEM-FIB) -FEI Nova 600 NanoLab system. The beam energy and the corresponding electron current were maintained fixed as 15 keV and 0.14 nA throughout the acquisitions.
AFM characterization
Atomic force microscopy (ICON) was used for sample characterization. All the measurements were performed in a dry environment in intermittent contact mode over a sampling area of 1 × 1 2 . Room temperature was hold fixed for all the acquisitions. Ultra-sharp Si probes with a nominal tip radius less than 5 were used for achieve high resolution. Multiple measurements were done in different scan directions to avoid artefacts. At least four images in height mode (trace and retrace) were recorded per sample. The images had a resolution of 512 × 512 points and were acquired at a scanning rate of 1 .
Processing the images with fast Fourier transform algorithms permitted to extract and decode their information content, and ultimately derive the fractal dimension of the substrates.
Deriving the fractal dimension of the samples
The AFM profiles of the gold nanoparticles clusters were processed using the algorithms developed and described in references [12] [13] [14] , this permitted to derive for each image a characteristic power spectrum density function, which appears as a line with a slope in a bi logarithm plot. is related to the Hurst parameters as = 2( + 1). The fractal dimension of a surface can be derived from as = (8 − ) 2 ⁄ . To investigate the binding of GBP − FITC, the system was excited with an Ar + laser at 488 and the emission bandwidth was from 520 to 600 nm. All the images were collected at 12 bit color depth with a resolution of 1024 × 1024. 
Surface Functionalization
Simulating EM fields around NPs clusters Electromagnetic calculations on Au clusters
were performed utilizing a commercial software (COMSOL v5.2) based on the Finite Element Method (FEM). Electromagnetic fields were calculated placing the nanoparticles on a PMMA substrate (refractive index nPMMA= 1.49). The substrate has length of 0.5 μm, width of 0.5 μm and thickness of 100 nm. The remaining background domain was considered to be air (nAIR= 1) and is 100 nm thick. Electric permittivities for Au were utilized according to Rakic et al. [18] .
The simulation domain was truncated by using 10 nm thick Perfectly Matched Layers (PML) at the boundaries of the system. Free tetrahedral mesh elements with maximum size of w = 5 ⁄ with = 514 were utilized. The source is a plane wave normally incident on the substrate. The cluster of nanoparticles is composed of partially overlapping spheres (Figure 2a) with diameters ranging from 50 to 60 . The centers of the spheres lie on the same plane and their volume is equally split between the PMMA substrate and the air domain.
Results
Super-Hydrophobic clusters of gold NPs
The proposed top down/bottom up approach delivers the ability to produce super-hydrophobic clusters of gold nanoparticles with a tight
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control over the physical characteristics of the system, including diameter and center to center distance of the silicon micro-pillars, and size and shape of the NPs which are integrated in the pillars. Several SEM images (Figure 1) were taken to assess sample uniformity and reproducibility. In Figure 1a , silicon micro-pillars are disposed on the substrate to reproduce an hexagonal lattice in which the diameter of the pillars is = 10 μm and the pillar to pillar gap is (Figure 1d ) was acquired using standard AFM. From the surface profile we derived a power spectrum PS (Figure 1e ) that delivers the information content of the surface across different length-scales [12] . In a log-log diagram, the PS exhibits a linear behaviour with slope in a region of the diagram. The smaller , the longer the intervals over which the PS exhibits a constant value, that is, the information content of the system is maintained over multiple scales.
Thus is not independent from the fractal dimension and from the measure of one may obtain as described in the methods. For the present configuration, the dimension of the nanograins clusters reads as ~2. 4 , that is strictly larger than the Euclidean dimension of a surface = 2. Similar particle distributions in the plane manipulate incident electro-magnetic (EM) fields to yield enhancements of those fields up to 15-fold increases (Figure 2b) . Recalling that the MEF effect depends on the square of the EM field around the intended structures [3] [4] [5] , similar nano-geometries may yield amplifications of fluorescence up to 10 2 times. EM increments are calculated as the ratio between the EM field intensity measured on the device over the value of the intensity of the incident EM radiation. Moreover, Figure 2c indicates the simulated surface charge distribution in the nano-particles clusters reported in Coulomb.
Metal Enhanced Fluorescence on Super-Hydrophobic gold Nanoparticles
The described devices were functionalized with a fluorescent − gold binding peptide as described in the methods. Table 1 Table 1 
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